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PREFACE 


The Citrws Chemistry and Technology Conference ts Sponsored by the Southern 
Region, FRonrida-Antibles Anea, of USDA'S Agricultural Research Service to 
report developments in the broad areas of processing, marketing, nutrition, 
pokkution abatement and related subjects, and to provide for exchange of 


Anfonmation that will benefit the industry, future research and American 
CONSUMNS . 


This report summarizes the statements of the various speakers during the 
Conference. Many of these reports are in the nature of progress reports 
and ane subject to change as studies are completed. PLease contact authors 
for Latest results before using these neports as a reference. 


Dean F. Davis, Area Director 
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Mention of companies or commercial products does not imply recommendation or 
endorsement by the U. S. Department of Agriculture over others not mentioned. 
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MATURITY OF SWEET ORANGES AND ITS RELATIONSHIP TO ALKANE AND ALKENE 
LONG-CHAIN HYDROCARBON PROFILES 


John M. Smoot and Harold E. Nordby 


Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


In Florida, five standards are used to define legally mature fruit: 

1) color, 2) juice centent, 3) total soluble solids (TSS), 4) acid, and 

5) soluble solids/acid ratio (°Brix/acid). We have confirmed maturity 
dates using linear regression plots of Brix/acid versus time of specific 
plantings of Hamlins, Pineapples and Valencias as being November 27, 
January 12 and March 28, respectively. Correlation of maturity with 

other biochemical processes, such as ethanol production (Davis, 1970) have 


previously been reported. 


Long~chain hydrocarbons are end products in lipid metabolism. In studying 
the role of long-chain hydrocarbons as markers in citrus chemotaxonomy we 
discovered these compounds to be present in the epicuticular wax of citrus 
peel, leaves and juice sacs. Furthermore, the hydrocarbon profiles iz 
citrus peel and leaves changed upon maturation; the relative amount of 
lower-carbon-numbered alkanes becoming less as the higher carbon numbered 
hydrocarbons increased. A study was undertaken to determine whether a 
similar change in profiles occurred with the hydrocarbons present in citrus 
juice sacs. Specifically this study relates the juice sac saturated and 
mono-unsaturated hydrocarbon profiles of three Florida orange cultivars to 
their respective maturity dates as observed from °Brix/acid data. 


Samples of the three cultivars were collected monthly over a July 1971-June 
1972 growing season. The epicuticular wax was removed from the juice sacs 
by extraction with hexane, separated into saturated (alkane) and mono- 
unsaturated (alkene) hydrocarbon components by TLC and these two components 
analyzed by GLC. 


The alkane profiles consisted of both linear and branched (iso- and anteiso-) 
structures. The major changes in the alkanes are given in Table l. 


Table 1. Relative percent major alkanes in orange juice sacs at beginning and 
end of a growing season. 
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July May July May July May 
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Branched 23's 1 Bs or ce se etsy 13.68) 0090 = 3.77 ge 25h eS 
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A decrease in lower branched alkanes (C,4 and C,,) is observed with an 
increase in higher linear alkanes (C,, to C3 ) over the growing season. 
Linear regression analyses revealed fhe relative percentages of all 
alkanes to be essentially constant until the respective cultivars became 
mature. These times corresponded to the maturity periods determined by 
°Brix/acid analyses. At these maturity periods hydrocarbon changes 
occurred at these respective rates: Hamlin > Pineapple > Valencia. 


The alkenes, consisting almost exclusively of linear structures, showed 
more extensive changes (Table 2) than the alkanes. 


Table 2. Relative percent major linear monoenes in orange juice sacs at 
beginning and end of a growing season. 


f Hamlin Pineapple Valencia 
July May July May July May 
Moncene 171 '72_ Change" "71 "72 Change 770, 72 _ Change. 

25 41.6 5.5 -36.1 37.2 18:8 ~18.4 stirs SUNS hs CHAe! 
27 28 .dmat Ss4n322367 Bla2ou21x3 bee 99 287,902 B5H Lak nt652 
29 4anod3e21345 825 62 2an 14283749826 4389010.79 24539 
31 9 47.8 +46.9 3200a29¢45d+26.4 25498483 76974903 
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In contrast to the alkanes, the monoenes (alkenes) changed at constant 

rates over the entire growing season. Again the changes were Hamlin > 
Pineapple > Valencia. To show a relationship between the monoene percentages 
and maturity dates as determined by a Brix/acid ratio of 12.0, ratios of 
monoenes to each other were calculated for each of the three cultivar's 
maturity dates. The three ratios presented in Table 3 clearly showed a 
correlation between maturity date of the cultivar and its relative percent 
monoene profile. 


Table 3. Ratios of mononenes in orange juice sacs at early (Nov. 27, 1971), 
mid (Jan. 12, 1972), and late (March 28), season maturity dates. 


Hanlin Pineapple Valencia Maturity 
Ratio Early Mid Late Early Mid Late Early Mid Late range 
23/29 a has he: As! veh, Vee ae 2.0 lo 1.9 (1.0- 1.2) 
23/31 ee aa ak uals 8 4 Luk 1.9 1.9 (0.7— 1.0) 
25/26 9.7 SIsek yehate: 10.8 10.3 9.4 Loge TU OmeelArs 3 (9.7-10.3) 


*Ratios at the date which the cultivar is mature ere underlined. 


USE OF EDIBLE ORGANIC POLYMERS FOR SELECTIVE ADSORPTION AND CONCENTRATION 
OF ORANGE OIL 


Eric D. Lund and Richard L. Coleman 


Citrus and Subtropical Products Laboratory 
Winter HBaven, Florida 


Concentration of orange oil by adsorption may be a promising alternative 

to distillation or solvent extraction. The main advantage of adsorption 

is the relatively high selectivity which makes it possible to produce a 
highly folded oil with a minimum of loss or alteration of polar flavor 
components. The use of polar organic polymers as oil adsorbents was 
examined. Compared to previously used inorganic adsorbents, organic 
polymers would have relatively mild adsorption forces and correspondingly 
fewer changes in sensitive components were expected. Representative 
samples of commercial adsorbents were screened for capacity and selectivity 
using typical Valencia cold-pressed peel oil. Several polymers had 
Significant capacities, and relative concentrations of adsorbed components 
were not changed appreciably. Included were polysaccharides, proteins, 
polyamides, polystyrene derivatives and a polyacrylate. For comparison, 
two inorganic adsorbents were included; Florisil and Bio-glass. Florisil 
was found to be the mildest inorganic adsorbent in a preliminary screening 
experiment where several common inorganic adsorbents were compared using GC 
analysis of eluted fractions. 


The anhydrous, unswollen polymers had a relatively small adsorptive power. 
Therefore, before treating with excess oil, the polymer was swollen with 
methanol, and later the methanol was selectively removed at reduced 
pressure The resulting product was stirred with hexane to dissolve non- 
adsorbed components and the hexane solution analyzed by plc. Results for 
some of the adsorbents are shown in Table 1. 


Table 1. Capacity of adsorbents for 
polar orange oil components. 
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Deactivated with 6% water 
Porous glass beads 


“Polystyrene derivative 


fle 


Swollen with dilute formic acid 
“"ydrolyzed cereal solids (CPC International) 
fasagsetinkdd dextran 


Scross-linked polyacrylic ester 


Florisil had the highest capacity followed by others with capacities 
ranging up to about 2/3 that of Florisil. High capacities were shown 
by edible polymers, particularly egg albumin. Further studies were 
confined to the edible polymers egg albumin, rice starch and Mor-rex 
because of the possibility of using the oil on the polymer and thereby 
avoiding the necessity of desorbing the oil components. A modification 
of the screening procedure was used to prepare larger samples. After 
the methanol was removed, limonene was selectively removed by vacuum 
stripping or hexane extraction. The amount and composition of adsorbed 
material was determined by treating with water, extracting with hexane, 
and analyzing the extract by glc. 


Starch was best considering both fold, (or degree of concentration), and 
capacity. A maximum of 0.9% adsorbed polar oil components was obtained 
using a large excess of oil. The adsorbed fraction was 27 fold, based 

on octanal. This indicated sufficient limonene had been selectively 
removed to increase octanal content by 27 times that of the original oil. 
On the adsorbent the concentration in whole oil equivalents was 18%. GC 
analysis showed a trace almost identical to whole oil, except for a reduced 
limonene peak. 


Ege albumin was not as effective as initial screening had indicated. A 
maximum of 0.9% adsorbed components was obtained by vacuum stripping, but 
the fold was low. Hexane extraction increased fold considerably but gc 
indicated composition of the adsorbed fraction became very distorted. 
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Mor-rex adsorbed a maximum of 0.4% 011 components. At the higher 
concentrations, however, the fold was low (around 6) and the GC trace 
showed aldehydes preferentially adsorbed. The resulting folded oil would 
probably differ considerably in flavor from natural orange oil. At lower 
oil levels, Mor-rex adsorbed about 0.1% of oil components but this product 
was 35 fold and its ge trace was relatively undistorted. 


Flavor tests were carried out with folded oil on rice starch. The sample 
was mixed with enough pure limonene to dilute it to the original concen- 
tration, then compared with the original oil in a base of reconstituted 
juice from instant orange juice without other added flavorings. In 
triangle tests the taste panel distinguished between the vacuum stripped, 
hexane extracted and the whole oil. A preference test showed no significant 
preference when hexane extracted product was compared with whole oil, but 
whole oil was preferred over vacuum stripped product. Hedonic ratings were 

Significantly lower for the vacuum stripped product, but quality was still 
judged acceptable. The hexane extracted product rated only slightly lower 
than the original oil. 


A storage study was carried out on a sample of the hexane extracted rice 
starch product containing 27 fold oil with a whole oil equivalent level of 
18%. Samples were stored at 70°F and 80% relative humidity by leaving an 
open container of the product exposed to air. The produce, by ge and 

flavor evaluation, was relatively unchanged for about one week. Subsequently, 
it degraded rapidly by evaporation. At the end of two months, polar oil 
components had dropped to less than half the original values. No noticeable 
increase in limonene oxidation or hydraticn was observed, although there was 
@ considerable change in the profile of minor components in the GC trace. 


For commercial use similar products would probably have to be protected by 
Storage in sealed containers under inert gas until use, or encapsulated. 


STATUS OF RESEARCH ON COLOR BIOREGULATORS, DHC SWEETENERS, AND SEVERAL 
JUICE QUALITY FACTORS ; 


Vincent P. Maier 


Fruit and Vegetable Chemistry Laboratory 
Pasadena, California 


Our citrus program is based on long term research in specific areas of 
chemistry and biochemistry that influence fruit and juice quality and on use 
of certain byproducts. Projects include: a) development and implementation 
of the concept of bioregulation of fruit conposition, with heavy current 
emphasis on enhancing fruit and juice color; b) studies of limonoid and 
flavonoid bitter constituents at the chemical, biosynthetic, enzymatic, 
microbiological and organoleptic levels; c) studies of the nature, surface 
chemistry, and physical properties of particles responsible for juice 
cloudiness; d) development of chemical and microbiological procedures for 
defining juice for authenticity purposes; and e) development of uses for 
citrus peel flavonoids, with emphasis on dihydrochalcone (DHC) sweeteners. 


Bioregulation 


Bioregulation is the process of controlling specific biosynthetic or 
metabolic pathways, or steps, through special agents called bioregulators. 
Research on bioregulators of citrus has been underway in our laboratory 

for a number of years. Activity has centered primarily on the mevalonate 
pathway constituents because a number of products of that pathway are 
especially important to quality of citrus fruits. These include carotenoid 
pigments and provitamin A carotenoids, the terpene and terpenoid flavor and 
aroma constituents, and limonoid bitter constituents. At present the most 
widely studied aspect is control of the biosynthesis and accumulation of 
carotenoids. This research has been supported by the Florida Citrus 
Commission and the California Citrus Advisory Board. 


The objective of this research is to improve fruit and juice color and pro- 
vitamin A content through the pre-and/ or post-harvest use of bioregulators. 
In recent years many carotenoid bioregulators were synthesized and tested in 
our laboratory by H. Yokoyama and coworkers, W. J. Hsu, S. M. Poling, 

C. DeBenedict and E. Hayman. These compounds promote the production and 
accumulation of a variety of carotenoid pigments including several pro- 
vitamin A carotenoids. Experiments aimed at selecting the most effective 
bioregulators and developing the best pre- and post-harvest methods of 
applying them for optimum color are a major element of this program. 

Choice of bioregulator, concentration, application, formulation of the 
mixture, time of application, influence of cultivar, climate and other 
factors are being studied. Bioregulators for pre-harvest application are 
also being supplied for studies by W. C. Wilson, Florida Department of Citrus, 
Lake Alfred and G. K.: Rasmussen, USDA Horticultural Research Laboratory, 
Orlando. 


While further work is needed for commercially useable systems, both pre- and 
post-harvest approaches show promise. Tests by Yokoyama and coworkers have 
shown peel color can be enhanced by a simple preharvest spray. If special 
care is used during spraying, internal color development can also be achieved. 
Thus, with expected improvements in techniques and formulations preharvest 
treatment should prove useful either for fruit intended for processing or for 
the fresh market. Improved uniformity of color will be needed in the latter 
case. Tests of postharvest treatments (using a commercial type fruit packing 
line) have shown peel color can be enhanced by simple surface treatments. 
More sophisticated techniques, involving pressure or vacuum, are required to 
achieve internal color development. Unless time required for color develop- 
ment after treatment can be reduced, the postharvest approach appears more 
useful for fresh fruit than fruit for processing. However, at this early 
stage the latter use should not be ruled out. 


In forthcoming work penetration will need be improved so more internal color 
development occurs at lower bioregulator concentrations. Toward that end, 
other bioregulators remain to be tested including newly designed ones 
suggested by current results. New spray and dip formulations for pre- and 
post-harvest use will be studied to determine relative effectiveness with 
the different bioregulators. Color levels and carotenoid constituent 
patterns of juice from color enhanced fruit will be determined. Overall 
juice compositional quality will be evaluated through cooperative studies 
with other laboratories. Seasonal and climatic influences on various 
cultivars will be compared and bioregulator residue, metabolic fate, and 
preliminary pharmacological studies will be undertaken. 
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Limonoids and Flavonoids 


Our interest in taste properties of limonoid and flavonoid constituents is 
reflected in several projects. This work encompasses bitter substances 

such as limonin and naringin, sweet substances such as dihydrochalcones 
(DHC's) and taste modifiers which are themselves tasteless, such as 
rhoifolin and neodiosmin. Throush cooperation with D. G. Guadagni and co- 
workers at the Western Regional Research Center (WRRC), who have done 
comprehensive taste panel studies of limonin and naringin, our knowledge 

of taste thresholds and the influence of other constituents continues to 
Srow. Guadagni et al.” have shown 30% of the panel perceived orange juice 
containing as little as 2 ppm limonin as bitter and objectionable. At 4 

ppm the fisure jumped to 62%. On this basis it appears that presence of 
limonin has a negative effect on flavor quality of at least some of the 
juice produced in all growing regions. They also found neohesperidin DHC 
and hesperetin DHC glucoside (HDG) at concentrations equivalent to 1% 
Sucrose in aqueous solutions raised the concentration at which limonin 
bitterness was perceived. For example, bitterness of 2 ppm limonin was 
rendered nonbitter by 7 ppm neohesperidin DHC whereas the bitterness ¢* 
limonin alone is detectable at 1 ppm. Some years ago Horowitz (1964) 

found a solution of naringin to which a laree amount of rhoifolin (4 
tasteless flavone neohesperidoside) was added is less bitter than narinzin 
alone. More recently Guadacni et al.~ found this true with neodiosmin (another 
tasteless flavone neohesperidoside) for both naringin and limonin bitterness. 
In aqueous solution 10 ppm neodiosmin raised the level at which limonin 
bitterness is perceived from 1 ppm to 4 ppm and naringin from 20 ppm to 65 ppm. 
Neodiosmin also reduced bitterness of limonin-containing orange juice. These 
results show perception of bitterness can he modified by small amounts of 
naturally occurring citrus flavonoids and their derivatives. They also show 
bitterness of a juice is dependent, in part, on trace constituents of the 
juice other than the bitter substances themselves. 


In addition to the effect of naturally occurring bitterness-suppressins 
compounds mentioned above, research on other nethods of combating this 
problem is underway in our laboratory. A debittering process in which an 
enzyme specifically attacks limonin or limononate A-ring lactone is under 
development. Hasegawa and coworkers have isolated such enzymes and have 
shown one of them to be effective when used directly in Navel orange juice. 
This work is presently aimed at screening microorganisms in order to find 
a commercially useable source of this or other dehittering enzymes. 
Knowledge of how and when limonoids are formed and degraded in citrus also 
provides the basis for potential solutions of the limopin problem. In 
studies of limonoid biosynthesis Hasegawa and Hoagland’ have evidence 
which suggests limonoids are synthesized in leaves and translocated to the 
fruit. This findine should be helpful to plant physiologists and 
horticulturalists in determining effects of such factors as cultivar, 
rootstock, environment and cultural practices on juice bitterness. 


Cloud 


An important element of juice quality is the suspended particulate matter 
known as cloud. Cloud carries much of the characteristic color and flavor 
and is largely responsible for the body of citrus juices. Most research 
on cloud has dealt with the problem of instability in orange juice which 
is prevented by heat treatment during processing. However, relatively 
little is known of the physical properties or the specific chemical 
constituents of individual cloud particles or how these elements relate to 
juice quality or cloud behavior in juices and formulated beverages. This 
is probably because of the heterogeneous and changeable nature of the 
population of cloud particles. Clearly, information about properties of 
individual particles and interactions is needed to fully understand the 
nature and behavior of cloud. Toward this end, the chemical and physical 
Properties of lemon juice cloud particles are being investigated with 
special emphasis on particle surfaces. This project is supported, in part, 
by the Citrus Products Technical Committee. In studies of chemical 
Properties R. D. Bennett and coworkers determined the gross chemical 
composition, investigated the amount, form, and origin of hesperidin in 
cloud, developed a method of isolating cloud without changing its surface 
properties (which happens during compaction when centrifugation is used), 
and tested dye-binding techniques for use in determining properties of 
particle surfaces. In studies of physical properties A. W. Venolia and 
coworkers developed techniques for characterizing size distributions of 
lemon juice particles and studied effects of many factors on particle size 
distributions. The factors included source of the lemons, ripeness and 
Storage and the various processing steps used to produce concentrate. 


Authenticity 


Comprehensive quantitative information on chemical composition is essential 
to objectively define and standardize juices and assure consumers of product 
quality and authenticity. In our work in this field by C. E. Vandercook and’ 
coworkers, chemical and statistical methods for determining juice content 
and authenticity have been developed for lemon juice and similar methods are 
nearing completion for orange juice. After the methods are completed a 
continuing effort will be needed for analysis of current juice production in 
order to keep the statistical data base up-to-date. These methods will be 
of value in protecting consumers against adulterated juices and protecting 
growers and processors against unfair competition. They will be useful to 
regulatory agencies and industry groups in determining whether juice products 
agree with label information. Also, large buyers such as supermarket chains 
can use the information in drawing specifications and testing quality of 
purchased juice. In the case of lemon juice a number of these uses have 
already occurred. 


In addition to chemical methods, a microbiological assay has been developed 
by Vandercook and Smolensky to help detect adulteration in orange juice. 
Under standard assay conditions with diluted orange juice, the growth of 
Lactobacillus plantarum is proportional to concentration of juice in the 
assay mixture. Imitation orange beverages do not support growth. Growth 
is also independent of the normal levels of common beverage ingredients 
such as sugar, acids, butylated hydroxyanisole and orange oil. Data on 
representative samples of U.S. commercial orange juices were gathered, and 
the variability of the results was about the same as or Slightly lower than 
that of the chemical constituents used to estimate adulteration. 
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DHC Sweeteners 


Many tons of hesperidin and naringin are recoverable from peel and pulp 
residues generated each year by the U.S. citrus processing industry. At 
present only small amounts of these compounds are recovered because of 
the absence of large scale profitable uses. Hesperidin and naringin are 
raw materials from which dihydrochalcone (DHC) sweeteners can be made, 
conseauently, the large market for low calorie sweeteners represents an 
attractive potential use for these citrus compounds. Since their 
discovery in 1961, by Horowitz and Gentili, many modifications of the 
original DHC's have been made in order to clarify structure-activity 
relations and obtain compounds with improved taste and solubility. An 
ideal sweetener would be similar to sucrose in taste quality, have 
adequate solubility and stability, have a low calorie content and cost 
per unit sweetness, and would be nontoxic and non-cariorenic. The three 
most promising DHC sweeteners are neohesperidin DHC, naringin DHC, and 
hesperetin DHC glucoside. Hesperetin DHC galactoside and hesperetin PHC 
xyloside have good taste properties but their synthesis is difficult. 


The initial uses of the DHC sweeteners are likely to be in products such as 
chewing gums, and vharmaceuticals, where lone-lasting sweetness and ability 
to mask bitterness are advantageous. There is currently a petition before 
FDA requesting clearance of neohesperidin DHC for use as flavor enhancer in 
mouthwash, toothpaste and chewing gum. Neohesperidin DHC has undergone 
extensive toxicological testing by A. N. Booth and M. &. Gumbmann and co- 
workers at WRRC, including 2-year feeding studies in rats and dogs. The 
histopathological evaluation of tissues from the latter study are in progress 
and a report will be issued when the work is completed. Currently, studies 
of the metabolism of neohesperidin in rats are being conducted in a cooperative 
project ek WRRC by Gumbmann and at Pasadena by Horowitz and Gentili using 
donated ~ C labeled neohesperidin and neohesperidin DHC. 
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PROGRESS ON MECHANICAL GRADING AT CITRUS PROCESSING PLANTS 


William L. Bryan, Barry J. Anderson, Jere M. Miller and James Jenkins 


Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


The pilot unloading line installed at Lykes Pasco through a coonerative 
agreement with the Florida Department of Citrus and the Florida Citrus 
Research Foundation was modified to: 1) increase capacity to 20 boxes/ 
minute, 2) provide for either one or two stages of mechanical grading, and 
3) permit comparing effectiveness of manually grading the entire fruit 
stream vs. a smaller cull stream from the mechanical grader containing a 
higher percentage of unwholesome fruit. About fifty 500-box loads of 
oranges were unloaded last season, including 10 loads of mechanically 
harvested fruit. 


Modifications of the unloading line (Fig. 1) included: 


1) Smaller rollers (1" diameter, 3'' apart) on the destemmer* 
and a longer entering section to drop out small-sized 
trash between rollers. In the destemming section a rough 
top belt moved counter to the rollers to catch and remove 
stems. 


2) An 8-brush dry scrubber to remove adhering sand and leaves, 
replacing the 14-brush scrubber used previously. 


3) A 63" wide mechanical grader with 13 fruit lanes (4 1/2” 
width) designed to separate fruit by distance projected from 
a rotating drum to a partitioned catch belt (Fig. 2). The 
grader had 9 lanes for first-stage srading and four lanes 
for an optional second-stage regrading of the center cut 
from the first stage (see Fig. 1). Drum speeds for the two 
stages were independently controlled, and distance 
projected could be modified by varying drum rpm. Thus, 
amount of fruit in each stream from the erader could be 
adjusted by varying either drum speed or distance to the 
adjustable separation barriers on the catch belts. The 
manual grading table was partitioned to maintain separation 
of the two streams from the mechanical grader: A good 
fruit stream, consisting of more than 85% of original fruit 
projected farthest; and a smaller stream containing most of 
the unwholesome fruit. 
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The system was evaluated with hand-harvested Valencia oranges during April- 
June. About 2-4% fruit had attached stems, with about half these lonsrer 
than 2 inches. Unwholesome fruit averaged about 1% early in the season, 
increasing to about 2% by the end of June. About half the unwholesome 
were decayed fruit. Sienificant results and conclusions were: 


1) The destemmer removed about 65% of attached stems longer 
than 2 inches. 


2) In single-stage eradins, more than half the unwholesome 
fruit could be separated into a cull stream containing 
less than 10% of orisinal fruit, confirmins previous 
laboratory and pilot plant results. 


3) Effectiveness of manual erading was increased about 2x 
(twice as many unwholesome removed) by serading the 
smaller cull stream from the mechanical erader rather 
than grading the original fruit (Table 1). 


4) Two-stage mechanical prading separated about 39% more 
unwholesome fruit into the cull stream to be manually 
graded, which further improved manual gsradins effective- 
ness. 


Mechanical grading was particularly effective for mechanically harvested 
fruit, where the level of unwholesome was 2x.or higher than in hand- 
harvested fruit. In comparing srading methods for two loads with 
excessive unwholesome (greater than 15%), one truck craded conventionally 
required 10 manual graders for one hour while a similar load was graded 
mechanically in 25 minutes with 2 manual eraders recovering goed fruit 
from the cull stream before discarding it. 


The mechanically assisted gradings process can be scaled to commercial size 
at reasonable cost, and its use by the citrus processing industry would 
result in more unwholesome fruit removed with fewer personnel. 


Table 1. Grading effectiveness of conventional 
manual grading versus mechanically assisted 
grading (17 boxes/min, 1 erader). 


May May-June 
Manual grading 


Unwholesome, % aS 2 

Grading eff., % ie 14 
Mechanically assisted 

Fruit separated, 2% 5 9 

Grading eff., % 35 27 
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NEW CITRUS PRODUCTS PRESERVED WITH ORANGE SYRUP 


Joseph H. Bruemmer 


Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


High Brix concentrates (65°Brix) are microbially stable during 4°C storage. 
The high solids content lowers the water activity (a_) to a level (0.80 to 
0.83) where few organisms can grow in the hich acid concentrate. Only 
halophilic bacteria, xerophilic molds and osmophilic yeasts srow in foods 
with a less than 0.80 (Table 1). 


Table 1. Water activity and srowth inhibition. 


i __._ Growth inhibited Food examples 

0.95 Gm neg rods, etc. Those with 40% sucrose 
Une Most cocci, some molds Those with 55% sucrose 
0.87 Most yeasts Those with 65% sucrose 
0.80 Most molds Those with 17% R,0 

8 esl Aa) Most halophilic bacteria Jams with 152 4 6 

0.65 Xerophilic molds Rolled oats wien 10% H,0 
0.60 Osmophilic yeasts Dried fruits with 157 fi,0 


The preservation potential of hich Brix concentrates sugeests several new 
citrus products. Orange juice extended with OJ syrup to a 65°Brix 
concentrate is microbially stable at room temperature. Flavedo shaved 
grapefruit infused with the enzyme naringinase in 75°Brix syrup is 
debittered and is microbially stable at 4°C. Data to support the use of 
OJ syrup as a preservative is presented. 


Orange juice syrup was prepared from pectinase-treated OJ serum by 
evaporating under vacuum. The serum was prepared from pasteurized OJ by 
centrifugation after clarifying the juice with polygalacturonic acid. 


A 90°Brix syrup so prepared was diluted with pasteurized single strength 0J 
to produce concentrates of 80, 75, 70 and 65°Brix. These were stored at 
30°C to test microbial stability. The syrup was contaminated during 
preparation so that the concentrates had initial microbial counts shown in 
Table 2. The number of organisms in the concentrates reflect the proportion 
of syrup to juice as well as the effect on viability of diluting the 
(osmophilic) organisms with 12°Brix juice. 


ibs) 


Table 2. Process contamination of OJ concentrates. 


Brix Microbial population; organisms/ml* 
concentrate OSA TGYA TGY-GA 

80 256 433 210 

Y ho 176 233 143 

79 110 176 97 

65 83 87 43 
*Pour plates: OSA-orange serum agar; TGYA - tryptone 


glucose yeast extract agar; TGY-GA - tryptone glucose 
yeast extract with 20% additional glucose agar. 


The population of organisms in all four concentrates declined each week of 
storage at 30°C. After five weeks, the number of organisms in all the 
concentrates was less than 10 per ml. At least casual contamination during 
syrup preparation does not present a microbial spoilage problem to 
concentrates of 65, 70, 75 or 8N°Brix when stored at 30°C. However, high 
density of osmophilic organisms can cause problems in stability. Selections 
of saccharomyces organisms from the ARS-Northern Regional culture collection 
were cultured in enriched medium to obtain a suitable innoculum for the high 
Brix concentrate. The inhibitory action of 75 and 80°Brix on growth of four 
osmophilic organisms is shown in Table 3. S. rouxii is reported to have the 
best osmotolerance of the various species and our data supports these 

reports. However, S. rouxii has a relatively low tolerance to cormon 

chemical preservatives and does not grow in concentrates containing 0.1% sodium 
benzoate. Therefore unless concentrates are contaminated with high population 
of S. rouxii because of poor sanitation during syrup preparation, the lowest 
Brix (65°) would be microbially stable at room temperature. If S. rouxii 
becomes a problem then a chemical preservative would be helpful. 


Table 3. Deliberate contamination with osmophilic yeasts. 


Microbial population; organisms/sample 
S. bailii §. bailii §. rouxii S. rouxii 


y-7255 ___y-7262 y-288 y-2547 
Tanocate 3x 10’ ie! Upper ey Say! 
After 4 days 30°C 6 5 5 6 
80° Brix 5 x 10, 1x 10, Sex 10, 5 x 10, 
75° Brix 1x 10, 2x 10, 1x 10, 1x 10, 
70° Brix 1x10 1x10 5 x 10 2x oli) 
65° Brix xl 0! LveclOus L2bKELOS om edit One 


Underlined population produced fas. 


Flavedo-shaved grapefruit were infused with a solution containing 350 U 
naringinase and 60 gms of gelatin per liter of 75°Brix oranse syrup. After 
storage for two weeks at 4°C the grapefruit appeared free of mold crowth, 
whereas, control fruit infused with enzyme and gelatin in "jello" showed a 
number of mold growths. The preservative action of high brix syrup would be 
important in grapefruit, nutritionally enhanced with protein, vitamins and 
minerals which presents a rich medium for microbial srowth. 
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FLAVOR STUDIES ON MANDARIN JUICES IN GRAPEFRUIT AND ORANGR JUICES 
Charles J. Wagener, Philip E. Shaw and William L. Bryan 


Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


Current flavor studies have two objectives. These are: 1) evaluate 
preferences for reconstitued juices from blends of tangerine and grapefruit 
concentrates and 2) determine thresholds of juices prepared from mandarin 
concentrates in orange concentrates. Before evaluating tangerine-erapefruit 
blends, thresholds of tangerine pumpout in two commercial srapefruit 
concentrates and a prapefruit pumpout in a commercial tangerine concentrate 
product were established. The averaze threshold concentration was used as 
the minimum level for additional blends. Flavor comparisons were made on 
reconstituted juices representing a commercial grapefruit concentrate and 
three tangerine-grapefruit blends. Thresholds of mandarin juices in orange 
juices are being determined. Concentrates have been prepared from two 
cultivars, one new selection of mandarin and Hamlin orange. 


Commercial concentrates (tangerine and grapefruit) from local stores, pump~ 
outs (tangerine and grapefruit) from local processing plants and 
concentrates (tangerine and oranse) from our pilot-scale Roto-VYap were used 
for these flavor studies. Analyses on these concentrates included °Brix, 
acid content and oil content. Brix/acid ratios were calculated. Necessary 
ratio adjustments were made by adding sugar or citric acid. Threshold and 
rank tests were used for flavor evaluations. Statistical analyses were 
made on all flavor test results. 


Analyses of the commercial concentrates and pumpouts used for the tangerine- 
erapefruit flavor studies are shown in Table 1. The commercial tangerine 
concentrate listed first was a "sugar-add product which explains its higher 
ratio in comparison with ratios of the two tangerine pumpouts. Although 
availability of tangerine pumpout limited the range of ratios used, 
commercial grapefruit concentrates with ratios of 3.5, 9.4 and 19.3 were 
obtained. 


Table 2 shows threshold concentrations determined for crapefruit pumpout in 
a commercial tangerine concentrate product and tangerine pumpout in two 
different commercial grapefruit concentrates. Threshold concentrations were 
interpolated from the linear regressions performed on the flavor test data. 
The 0.73 correlation coefficient for the linear reeression of grapefruit 
pumpout in a sugar add tangerine concentrate shows a larger unexplained 
variance than the others. This could possibly be caused by the higher B/A 
ratio of the juices in these tests. In addition Table 2 shows ranking 

tests of three commercial erapefruit concentrates with various blends of 
tangerine pumpout. In all tests tangerine-srapefruit blends had higher 
average ranks than the grapefruit alone. Although no differences were found 
among the 15, 20 and 25% blends, these blends were all sienificantly 
different from the grapefruit at the 95% confidence level or greater. 
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Comments by taste panelists on grapefruit blends with at least a minimum of 
15% tangerine indicated the undesirable bitterness of grapefruit wasn't 
evident in these blends. Although this response might be caused by dilution 
of grapefruit solids in the blends, their pleasant flavor suggests the 
possibility of a new product utilizing both grapefruit and tangerine. 


Thresholds of mandarin juices in orange juices are currently beings evaluated. 
Table 3 shows analyses of preliminary concentrates prepared for this study. 
The high residual oil content of the Dancy and Tankan concentrates relates to 
their higher oil contents before evaporation. Comparison of the Tankan with 
the other tangerines shows its Brix/acid ratio is very close to the Hamlin 
orange. An earlier flavor grade test on mandarin-orange blends suggested 
that their thresholds could be below the 10% allowed by the industry in 
frozen concentrated orange juice. 


Table 1. Analyses of concentrates used for 
tangerine-grapefruit blends. 


Comm. tang. 42.6 2.42 736 0.912 
Tang. P.O. 58.6 4.31 2550 9.902 
Tang. P.O. 59.4 4.50 ima tiys 9.005 
Comm. G.f. 37.0 a Hg he Oe 0,001 
Conm. G.f. 38.0 4,49 8.47 9.009 
Comm. G.f. 38.9 4.16 9, 36 0.011 
Grist O 59.6 6.68 8.92 9,902 


LLL tS fen 


Table 2. Flavor test results for tangerine-grapefruit blends. 
eg ee ern eg ee ee Seen, nen Sake eee ee = ee ae ee) 


Thresholds 
Tests Concentration Correlation Coefficient 
G.£. P.0.* in comm.” tang. 16% Ge73 
Tang. P.O. in comm. G.f. 15 0.93 
Tang. P.O. in comm. G.f. 14 0.96 
Rankings 
Tests Preferred Concentrations 
Tang. P.O. in 8.5 Ratio G.f. 15, 20 and 25% over 02 
Tang. Pov. in 9.4°Ratio G.1- 15, 20 and 25% over 0% 
Tang. b.Gs, 10 LUsd RECIOTO eS. 15, 20 and 25% over 0% 


“pl Om pumpout 
Yoomn. , commercial 


“The 95% confidence level or greater was obtained for all these tests. 
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Table 3. Analyses of concentrates used for thresholds 
of mandarin in orange. 


Concentrates SBrixe@ Zi Wed die Bris] acid7e 7.011 
Dancy tang. 68.3 5.60 A iy Wea 4 
Tankan tang. 60.4 ce yd Les 0.030 
New tang. selection 60.6 4.56 a hs Wag 0.903 
Hamlin orange 95a) 3.48 18 0.902 


DETERMINATION OF BIPHENYL BY GAS AND LIQUID CHROMATOGRAPHY 
Paul L. Davis and Kathleen A. Munroe 


U. S. Horticultural Research Laboratory 
Orlando, Florida 


Biphenyl, a widely used fungistatic agent, has been analyzed by infrared, 
ultraviolet, and gas chromatography of solutions. In the experiments 
discussed today, we compared liquid and gas chromatographic methods for 
solutions and developed a method for analysis of biphenyl in the vapor 
state. 


Within cartons of packed citrus fruit, biphenyl is usually applied by 
insertion of two kraft paper pads impregnated with the fungistat at a 
rate of about 2 grams per pad. The vapor, rather than residue content in 
or on the peel, prevents growth and development of fungi. Thus, it is 
important to know the quantity of biphenyl vapor existing, or potentially 
available, within cartons. These quantities are denendent upon initial 
amounts of biphenyl on the pad, exposure of pads pricr to use, temperature 
and ventilation of the cartons or pads. 


Biphenyl was extracted from commercially impregnated pads with 95% ethanol 
and the solutions analyzed with both liquid and gas chromatography. 

Liquid chromatography had a slight advantage because the retention time 
was lower; otherwise, the choice between the two would denend uvon instru- 
ment availability because the speed, accuracy and reliability of the 
methods were so similar. 


The content of biphenyl on different sections of pads were found to vary 
a slight amount, and in subsequent experiments extracts of whole pads 
were used. Storage temperature had a marked effect on retention of 
biphenyl on exposed pads which suggests that pads kept in packinghouses 
be kept well wrapped and at low temperatures. 
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Biphenyl has a strong affinity for glass, metal and plastic. Thus, 

samples of vapor are difficult to analyze since the material tends to 

adhere to the sampling device such as a glass syringe. To overcome this 
difficulty, a small heating coil which surrounded the syringe durins 
injection was positioned outside the injection port. After the first 
injection, the syringe was allowed to slowly refill with carrier gas and 
then the gas was reinjected. Because the retention time was a little 

over 6 minutes, the reinjections could be repeated at least three times, 

at 1-minute intervals, without producing overlapping peaks. Peak heights 
for all injections were added for a “total peak height. The first injection 
usually accounted for about 80% of the total, and the response to the fourth 
injection was usually less than one chart division. We plan to use this 
method in future studies to determine more accurately the concentration of 
biphenyl vapor necessary, at various temperatures, to adequately control 
decay organisms in packed boxes of fruit. 


EFFECTS OF ABSCISSION AGENTS AND ETHYLENE GAS ON THE FLAVOR OF ORANGE JUICE 
AND PEEL OIL 


Philip E. Shaw and Manuel G. Moshonas 


Citrus and Subtropical Products Laboratory 
Winter Haven, Florida 


Most abscission agents in experimental use today act by damaging peel of 
fruit to cause release of “wound” ethylene. This ethylene is transported 
to the stem area where it causes loosening of the fruit by increasing 
certain metabolic reactions. Because peel is damaged and metabolic 
reactions are altered, some flavor change is possible in the juice or 
peel oil from fruit treated with abscission chemicals. 


Peel oil from early- and late~season Hamlin, Pineapple and Valencias 
sprayed with abscission agent was evaluated for flavor changes compared 
with a control sample. The peel oil was added to a sample of high-quality 
mid-season "evaporator pumpout” (0.020% oil level) containing no other 
added flavor fractions, and evaluated using a trained taste panel. The 
results are shown in Table 1. In most cases the panel could tell a 
difference in control and experimental samples and generally preferred 
controls. In two cases there was no preference, but in no case was oil 
from abscission-treated fruit preferred. Panelists said an overripe flavor 
was present in experimental samples. 
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Table 1. Flavor evaluation of peel oil from Hamlin, Pineapple and Valencia 
oranges treated with abscission chemical versus control. 


7 Flavor evaluation 
confidence level 


Preference 

Harvest °Brix/Acid Abscission Concn. Days on Difference for 
date ss ratio agent —ssppm stree’ exp vs con control _ 
Hamlin 

11-25-73 10.45 Acti Aid 20 7 OL 703 
91-04-74 12.86 Acti Aid 20 7 ~O1 201 
Pineapple 

01-25-74 9.87 Acti Aid 20 6 .OOL -05 
03-21-74 L723 Acti Aid 20 6 901 701 
01-17-75 eee Acti Aid 10 6 OL OL 
03-11-75 ibs els) Acti Aid 10 6 -O1 O1 
01-17-75 T3022 Ethephon 250 6 Nosh Nc 3% 
Valencia 

03-28-74 L3 sh7 Acti Aid 20 a 001 SOL 
06-24-74 15.94 Acti Aid 20 7 OL OL 
04-02-75 10.44 Release 250 5 001 01 
06-03-75 Le, 02 Release 250 4 N.S. N.8 
04-02-75 10.61 Pik-Off 300 5 .05 205 
06-03-75 11.61 Pik--Off 300 4, O01 OL 


Results reported mrerioneiy had shown a trained panel generally preferred 
control juice over that treated with abscission agents, (samples were from 
the same fruit listed in Table 1). Trained taste panels may detect 

subtle differences not noticed by th qverage consumer. Therefore, larcer 
more representative panels were used °~ to evaluate several of the juice 
samples reported by Moshonas et al. to have been most different from 
controls. These results are shown in Table 2. Three of these four 
consumer—type panels showed no significant preference for control for 
experimental juices, although the flavor scores for experimental juices 
was slightly lower than for controls. In the fourth, the panel preferred 
the control juice. In all juice tests, canned single~strength samples 
were used. Probably because consumer-type panelists were accustomed to 
the flavor of FCOJ they rated the overall flavor scores lew for all 
samples. When overali flayor scores are low (<5.4) for such panels, the 
results are less reliable. 


Table 2. Consumer panel rating of abscission-chemical treated 
versus control orange juice samples. 


Abscission Concn. Days on Flavor Preference 


Harvest date acent ppn tree score for control 
Valencia 

04-02-75 Control 0 ~ 5.6 - 
94-02-75 Release 250 = 5.9 N.S. 
04-02-75 Control 9 - 4,490. - 
94-02-75 Release 250 5 ol? NES: 
94-02-75 Control 0 - ee > 
04-02-75 Pik-off 300 5 4.06 Nes. 
Pineapple 

01-17-75 Control 0 - 4.60 = 
91-17-75 Acti Aid 10 6 4.94 9.95 


Early season oranges treated with ethylene gas to induce color formation 
(degreened), but rejected for the fresh fruit market because of peel 
blemishes (packinshouse eliminations) were believed to have flavors 
different from untreated fruit’. These “packinghouse eliminations” are 
normally processed along with untreated oranges into juices and 
concentrates. We compared flavor of juice and composition of cil from 
packinghouse eliminations with those from untreated fruit and unblemished 
treated fruit acceptable for the fresh fruit market, to see if the flavor 
of processed juice might be affected by the ethylene treatment. Table 3 
lists results of this study. No significant differences were found 
between control and experimental samples in flavor tests, vitamin C levels, 
Brix/acid ratios, juice color scores or volatile peel-oil constituents. 
The fact that peel oil composition was not changed by ethylene treatment 
indicates that metabolic pathways were not altered by ethylene gas treat- 
ment as they had been previously when abscission agents were used. 


Table 3. Evaluation of juice from ethylene-treated and control Hamlin 
oranges . 


Vitamin C Flavor evaluation: 
°Brix/acid level Color control versus 
Sample ratio me/100 ml score degreened 
Control (green) 10.92 50. 34 33.8 - 
Blemished (degreened) 10.56 59.59 5356 senctsieniticant 
Unblemished (degreened) 10.56 51.96 33.8 Not Significant 


“For all samples: 

1. Harvest date: October 31, 1975 

2. Concentration of ethylene gas: 5 ppm 

3. Hours of ethylene gas treatment: 60 hrs 
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SOUTHERN REGION - FLORIDA ANTILLES AREA 


CITRUS AND SUBTROPICAL PRODUCTS LABORATORY 
600 Avenue S, N.W. 
Winter Haven, Florida 33880 


SATURATED AND MONO-UNSATURATED LONG-CHAIN HYDROCARBON PROFILES FROM MANDARIN 
JUICE SACS 

Harold E. Nordby and Steven Nagy 

Phytochem. 14, 1777-1782 (1975). 


VARIATION OF THE LONG--CHAIN HYDROCARBON PATTERN IN DIFFERENT TISSUES OF 
DUNCAN GRAPEFRUIT 

Steven Nagy, Harold E. Nordby and Jack C. Lastinger 

Phytochem. 14, 2443-2445 (1975). 


D-LIMONENE AS A DEGREASING AGENT 
Richard L. Coleman 
The Citrus sind. 96011) 23-250(1975). 


PEROXIDASE REACTIONS AND ORANGE JUICE QUALITY 
Joseph H. Bruemmer, Bongwoo Roe, Elizabeth R. Bowen and Bela Buslig 
J. Fd. Sci. 41, 186-189 (1976). 


OXIDATION OF (--)-O-TERPINEOL TO SOME EPOXY-ALCOHOLS 
Charles W. Wilson, III and Philip FE. Shaw 
Aust. J. Chem. 28, 2539-2542 (1975). 


THE POTENTIAL USEFULNESS OF CITRUS LEAF LONG-CHAIN HYDROCARBONS IN CHEMICAL 
CLASSIFICATION OF CITRUS PLANTS 

Harold E. Nordby, C. Jack Hearn and Steven Nagy 

Proc. Fla. State Hortic. Soc. 88, 32-35 (1975). 


ESTERASE ACTIVITY AND ORANGE JUICE QUALITY 
Joseph H. Bruemmer and Bongwoo Roe 
Proc. Fla. State Hortic. Soc. 88, 300-303 (1975). 


IMPROVED METHOD FOR PURIFYING CRUDE CITRUS PIGMENTS 
Charles W. Wilson, III, Philip E. Shaw and Cora L. Kirkland 
Proc. Fla. State Hortic. Soc. 88, 314-318 (1975). 


POTENTIAL BY-PRODUCTS FROM MICROBIAL TRANSFORMATION OF D-LIMONENE 
Elizabeth R. Bowen 
Proc. Fla. State Hortic. Soc. 88, 304-308 (1975). 


LEAVES FOR FOOD: PROTEIN AND AMINO ACID CONTENTS OF LEAVES FROM 23 
TROPICAL AND SUBTROPICAL PLANTS 

Nancy T. Hall, Steven Nagy and Robert E. Berry 

Proc, Fla. State Hortic. Soc. 88, 486-490 (1975). 


ZARAMBOLA SELECTION FOR COMMERCIAL PRODUCTION 


Charles J. Wagner, Jr., William L. Eryan and Robert E. Berry 
Proc. Fla. State Hortic. Soc. 88, 466-469 (1975). 
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AROMA SUBSTANCES OF CITRUS FRUITS AND THEIR BIOGENESIS 


J. H. Bruemmer 
In “Symposium on Fragrance & Flavor Substances”, (1974). 


—— 


Gernany. 


COMPARISON BETWEEN COLD-PRESSED AND DISTILLED LIME OILS THROUGH THE APPLICATION 


OF GAS CHROMATOGRAPHY AND MASS SPECTROMETRY 
Muftah A. Azzouz, G. A. Reineccius and M. G. Moshonas 


J. Fd. Sci. 41, 324-328 (1976). 


NONENZYMIC BROWNING IN A SYNTHETIC ORANGE~FLAVORED DRINK 
Philip E. Shaw and Robert E. Berry 
JSREG a SCletalsay li) ie oe 


SATURATED AND MONO~UNSATURATED LONG-CHAIN HYDROCARBON PROFILES FROM JUICE SACS 
OF MANDARIN, TANGELO AND MANDARIN X TANGELO HYBRIDS 


Harold E. Nordby and Steven Nagy 
J. Amer. Soc. Hortic. Sci. 101(3), 262-265 (1976). 


COMPARISON OF EXTRACTED PEEL OIL COMPOSITION AND JUICE FLAVOR FOR ROUGH 
LEMON, DERSTAN LIME, AND A LEMON--LIME CROSS 

Philip E. Shaw and Charles W. Wilson, III 

J. Agric. Fd. Chem. 24(3), 664-666 (1976). 


FAITY ACIDS OF MONOGALACTOSYL DIGLYCERIDES FROM CITRI® 
Harold E. Nordby, Steven Nagy and Nancy Hall 
Phytochem. 15, 957-960 (1976). 


ABSCISSION AGENT EFFECTS ON ORANGE JUICE FLAVOR 
Manuel G. Moshonas, Philip E. Shaw and Donald A. Sims 
J. Fd. Sci. 41, 809-811 (1976). 


SYSTEM FOR BY-PRODUCTS FROM CITRUS WASTE STREAMS 


Robert E. Berry and William L. Bryan 
Proc. 4th International Congress of Food Science & Technology, 


(1976) Spain (book). 
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WESTERN REGION 


Fruit and Vegetable Chemistry Laboratory 
263 South Chester Avenue 
Pasadena, California 911%6 


BITTERNESS PREVENTION IN CITRUS JUICES. COMPARATIVE ACTIVITIES AND 
STABILITIES OF THE LIMONOATE DEHYDROGENASES FROM PSEUDOMONAS AND ARTHROBACTER 
Linda C. Brewster, Shin Hasersawa, and V. P. Maier 
J. Agric. Food Chem. 24, 21-24 (1976). 


CHEMICAL INDUCERS OF CAROTENOGENESIS 
Wan-Jean Hsu, Stephen M. Poling, Charles DeBenedict, Charles Rudash 
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